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D scriptlon 
Technical R Id 

[0001] The present invention relates to a resin com- 
position having an excellent gas barrier property, a lam- 
inate or laminate film which comprises at least one layer 
(or at least a portion) comprising such a resin composi- 
tion, and a shaped (or molded) article comprising a por- 
tion of the resin composition. 

Background Art 

[0002] A film having a gas barrier property (gas barrier 
film) as a kind of functional film has widely been put to 
practical use in the fields of food, medicine, agricultural 
chemicals, cosmetics, etc., wherein contents to be con- 
tained therein are stored or protected while the "quality" 
of the contents is liable to cause a problem. One of such 
important uses of the film includes a field of "packaging". 
[0003] Packaging, i.e., making or putting an object in- 
to a package or wrap, or the material for the packaging 
is desired to have a wide variety of functions. For exam- 
ple, such functions of packaging may include: mechan- 
ical protective property, safety, sanitary property, work- 
ability, adaptability to goods (transparency, printability, 
heat sealing property), utility, profitability, etc. Among 
these functions, a "gas barrier property" to various gas- 
es, as one of the factors in the above-mentioned stora- 
bility or protective property, is an important property for 
affecting the storability of the above contents such as 
food. Along with recent diversification in the form of 
goods distribution or in packaging technique, intensifi- 
cation of additive control, change in taste, etc., the im- 
portance of the gas barrier property has been increased 
more and more. On the other hand, the gas barrier prop- 
erty has heretofore been a serious weak point of ordi- 
nary plastic materials. 

[0004] Factors which can deteriorate a food include 
oxygen, light, heat and/or moisture. Among these fac- 
tors, oxygen has been considered to be a substance 
causing such deterioration. A material having a gas bar- 
rier property (gas barrier material) is a material which 
has a main function of effectively intercepting oxygen. 
Such a gas barrier material exhibits the function of in- 
tercepting oxygen, and simultaneously exhibits a func- 
tion which is essential for various measures for control- 
ling the deterioration of food (such as gas charging and 
vacuum packaging). The gas barrier material has been 
utilized very effectively in many fields such as food pack- 
aging inclusive of confectionery bags, bags for dried 
bonito, pouches for retorted foods, containers for car- 
bonated drinks, etc., or packaging for cosmetics, agri- 
cultural chemicals, and medical use, on the basis of its 
barrier function to various kinds of gases such as oxy- 
gen, organic solvent vapors, aromas; or on the basis of 
its function of preventing corrosion, odor, sublimation, 
etc.. based on the barrier function thereof. 



[0005] Among films comprising a thermoplastic resin, 
those films comprising oriented polypropylene, polyes- 
ter, polyamide, etc., particularly have excellent mechan- 
ical property, heat resistance, transparency, etc., and 
s therefore these films are widely used as a packaging 
material. However, in a case where a film comprising 
such a material is used for food packaging, since the 
barrier property thereof to a gas such as oxygen is in- 
sufficient, the food as the contents in the package is li- 
10 able to be deteriorated due to degradation based on ox- 
idation, or the function of aerobic^bacieria, etc. Further- 
more, in such a case, an aroma component of the food 
permeates the package to be diffused to the outside of 
the package. As a result, there tend to occur various 
'5 problems such that the flavor of the food is lost, or the 
contents are wetted with outside moisture due to the 
penetration of such moisture and the taste thereof be- 
comes worse. Accordingly when a film of the above- 
mentioned material such as polypropylene is used for 
food packaging, it is usual to adopt a method wherein 
another film (or layer) having an excellent gas barrier 
property is laminated onto the film of the above-men- 
tioned material. 

[0006] As a transparent plastic raw material having a 
small gas permeability (i.e., a large gas barrier proper- 
ty), there have heretofore been known some films com- 
prising a raw material such as polyvinyl alcohol, poly- 
ethylene-vinyl alcohol copolymer, and polyvinylidene 
chloride-type resin. However, these plastic materials 
have an oxygen permeability to a certain degree which 
is never negligible, while a metal or glass raw material 
to be used for canned foods or bottled foods only has a 
substantially no oxygen permeability. 
[0007] As a method of imparting a gas barrier property 
or increasing the gas barrier property of a resin, there 
has been known some methods. For example, Japa- 
nese Laid-Open Patent Application (KOKAI) No. 
30944/1991 (i.e., Hei 3-30944) describes a process for 
producing a coated film wherein a coating composition 
comprising polyvinyl alcohol and synthetic hectorite in 
a wt. ratio of 20 : 80 is applied onto a biaxially oriented 
polyethylene terephthalate (OPET). and then dried. 
[0008] However, such films provided by the above- 
mentioned conventional techniques still do not have a 
sufficient gas barrier property and is not a satisfactory 
film having a gas barrier property suitable for practical 
use. 

[0009] An object of the present invention is to provide 
a resin composition, a laminate, or a laminate film which 
have solved the above-mentioned problems. 
[0010] A more specific object of the present invention 
is to provide a resin composition, a laminate, or a lami- 
nate film having a gas barrier property at a good level. 

Disclosure of Invention 

[001 1 ] As a result of earnest study, the present inven- 
tors have found that a resin composition having an ex- 
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eel lent gas barrier property has been provided by con- 
stituting a resin composition while an inorganic laminar 
compound having a specific aspect ratio is combined 
with a potyvinyl ale hoi as a specific resin in a specific 
volum ratio. As a result of further study, the present 
inventors have also found that the excellent gas barrier 
property of such a resin composition is substantially re- 
tained, even when a laminate or laminate film is consti- 
tuted while at least a layer (or portion) comprising the 
above-mentioned resin composition is disposed on a 
base material, etc. 

[0012] The laminate according to the present inven- 
tion is based on the above discovery and comprises: a 
polyvinyl alcohol; and an inorganic laminar compound 
having an aspect ratio of not less than 200 and not more 
than 3000, which has a volume ratio of (inorganic lami- 
nar compound/potyvinyt alcohol) in the range of (5/95) 
to (30/70). 

[001 3] The present invention also provides a laminate 
comprising: a base material, and at least one layer dis- 
posed thereon comprising a resin composition; which 
comprises a polyvinyl alcohol, and an inorganic laminar 
compound having an aspect ratio of not less than 50 
and not more than 5000; and has a volume ratio of (in- 
organic laminar compound/polyvinyl alcohol) in the 
range of (5/95) to (30/70). 

[0014] The present invention further provides a 
shaped article comprising, at least a portion thereof, a 
resin composition; which comprises a polyvinyl alcohol, 
and an inorganic laminar compound having an aspect 
ratio of not less than 50 and not more than 5000; and 
has a volume ratio of (inorganic laminar compound/pol- 
yvinyl alcohol) in the range of (5/95) to (30/70). 

Brief Description of Drawings 

[0015] Fig. 1 is a graph schematically showing a rela- 
tionship between an X-ray diffraction peak of an inor- 
ganic laminar compound and a "unit thickness a" of the 
compound. 

[001 6] Fig. 2 is a graph schematically showing a rela- 
tionship between an X-ray diffraction peak of a resin 
composition containing an inorganic laminar compound 
and a "lattice spacing (or distance between lattice 
planes) d" of the compositkjn. 
[001 7] Fig. 3 is a graph schematically showing a rela- 
tionship between an X-ray diffraction peak of a resin 
composition and a "lattice spacing d' of the composition , 
in a case where the peak corresponding to the lattice 
spacing d is superposed on hato (or background) and is 
difficult to be detected. In this Figure, the area obtained 
by subtracting a "base line" portion from the peak area 
in the lower angle side below 2-9^ is treated as the peak 
corresponding to the "lattice spacing d", 
[0018] Fig. 4 is a schematic sectional view showing 
an embodiment of the laminate film according to the 
present invention, which comprises a base material, and 
a layer disposed thereon comprising a resin composi- 



tion according to the present invention. 
[0019] Fig. 5 is a schematic sectional view showing 
another embodiment of the laminate film according to 
the present invention, which comprises a base material, 

5 and a layer disposed thereon comprising a resin com- 
position according to the present invention. 
[0020] Fig. 6 is a schematic sectional view showing a 
further embodiment of the laminate film according to the 
present invention, which comprises a base material, and 

10 a layer disposed thereon comprising a resin composi- 
tion according to the present invention. 
[0021] Fig. 7 is a schematic sectional view showing a 
further embodiment of the laminate film according to the 
present invention, which comprises a base material, and 
a layer disposed thereon comprising a resin composi- 
tion according to the present invention. 
[0022] Fig. 8 is a schematic view for illustrating a fold- 
ing method used in a "folding test" as described herein- 
after. 

20 [0023] Fig. 9 (Table 1 ) is a table showing the structure 
of laminate films obtained in Examples appearing here- 
inafter. 

[0024] Fig. 1 0 (Table 2) is a table showing the data of 
oxygen permeability, etc., obtained in the below Exam- 
25 pies. 

[0025] Fig. 11 is a graph showing X-ray diffraction 
peaks of a composition comprising a polyvinyl alcohol 
PVA-117H and "Kunipia F" used in Examples. 
[0026] Fig, 12 is a graph showing X-ray diffraction 
30 peaks of "Kunipia F" (montmorillonite) used in Exam- 
ples. 

[0027] Fig. 13 is a graph showing X-ray diffraction 
peaks of a composition having a lattice spacing d = 
19.62 angstrom (pattern of the above Fig. 2). 
3S [0028] Fig. 14 is a graph showing X-ray diffraction 
peaks of a composition having a lattice spacing d =32.94 
angstrom (pattern having the above patterns of Figs. 2 
and 3). 

[0029] Fig. 15 is a graph showing X-ray diffraction 
40 peaks of a composition having a lattice spacing d ^ 
44.1 3 angstrom (pattern of the above Fig. 3). 
[0030] Fig. 16 is a graph showing X-ray diffraction 
peaks of a composition having a lattice spacing d ^ 
44.1 3 angstrom (pattern of the above Fig. 3). 

45 

Best Mode for Carrying Out the Invention 

[0031] Hereinbelow, the present invention will be de- 
scribed in detail with reference to the accompanying 
so drawings, as desired. 

(Polyvinyl Alcohol) 

[0032] In the present invention, the "polyvinyl alcohol" 
55 refers to a polymer predominantly comprising a mono- 
mer unit of vinyl alcohol. Specific examples of such a 
"polyvinyl alcohol" may include: a polymer (exactly, a co- 
polymer of vinyl alcohol and vinyl acetate) obtained by 
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subjecting the acetic acid portion of a vinyl acetate pol- 
ymer to hydrolysis or ester Interchange (saponification), 
and polymers obtained by saponifying a polymer such 
as vinyl trifluoroacetate polymer, vinyl formate polymer, 
vinyl pivalate polymer, t-buty! vinyl ether polymer, and 
trimethylsilyl vinyl ether polymer. With respect to the de- 
tails of the "polyvinyl alcohol", a book entitled "PVA no 
Sekai (World of PVA)" edited by POVAL-KAI (POVAL 
Society), (1992), published by KOBUNSI KANKO-KAI 
(Polymer Publishing Society) K.K.; and a book entitled 
"Povar written by Nagano et al. (1981), published by 
KOBUNSI KANKO-KAI may be referred to. 
[0033] The degree of the "saponification" in the poly- 
vinyl alcohol may preferably be not less than 70 % (more 
preferably, not less than 85 %), particularly preferably 
not less than 98 % (i.e., so-called "completely saponified 
product"), in terms of mole percentage. The degree of 
polymerization of the polyvinyl alcohol may preferably 
be not less than 1 CO and not more than 5000 (more pref- 
erably, not less than 200 and not more than 3000). 

(Inorganic Laminar Compound) 

[0034] The "inorganic laminar compound" to be used 
in the present invention refers to an inorganic compound 
wherein unit crystal layers are mutually stacked to form 
a layer structure. In other words, "laminar compound" 
refers to a compound or substance having a layer struc- 
ture. The "layer structure" is a structure wherein planes, 
each of which comprises atoms strongly bonded to each 
other on the basis of covalent bonds, etc., so as to form 
close packing, are stacked substantially parallel to each 
other on the basis of weak bonding power such as Van 
der Waals force. 

[0035] The "inorganic laminar compound" usable in 
the present Invention is not particularly limited, as long 
as the "aspect ratio" thereof measured by a method de- 
scribed hereinafter is not less than 50 and not more than 
5000. In view of the gas barrier property, the aspect ratio 
may preferably be not less than 100 (particularly, not 
less than 200). 

[0036] When the above aspect ratio is less than 50, 
the exhibition of the gas barrier property becomes insuf- 
ficient. On the other hand, it is technically difficult to ob- 
tain an inorganic laminar compound having an aspect 
ratio exceeding 5000, and further such a compound is 
costly or expensive from an economic viewpoint. In view 
of easiness in production of an inorganic laminar com- 
pound, the aspect ratio may preferably be not more than 
2000 (more preferably, not more than 1500). In view of 
the balance between the gas barrier property and the 
easiness in production, the aspect ratio may preferably 
be in the range of 200-3000. 

[0037] I n view of the film forming property or formabil- 
ity in the form of a film or shaped article, the "particle 
size" measured by a method therefor described herein- 
after may preferably be not more than 5 ^m. When the 
particle size exceeds 5 lom, the film forming property or 



formability of a resin composition tends to be decreased. 
In view of the transparency of a resin composition, the 
particle size may more preferably be not more than 3 
[im. In a case where the resin composition according to 
5 the present invention is used for a purpose (e.g., pur- 
pose of food packaging) wherein the transparency is im- 
portant, the particle size may particularly preferably be 
not more than 1 |im. 

[0038] Specific examples of the inorganic laminar 
^0 compound may include: graphite, phosphoric acid salt- 
type derivative compounds (such as zirconium phos- 
phate-type compound), chalcogen-type compounds, 
clay-type minerals, etc. The "chalcogen-type com- 
pound" used herein refers to a di-chalcogen type com- 
15 pound which comprises an element of Group IV (Tl, Zr. 
Hf), Group V (V, Nb. Ta), and/or Group V! (Mo, W), and 
represented by a formula of MXg. wherein M denotes an 
element as described above, and X denotes a chalco- 
gen (S, Se, Te). 
20 [0039] In view of easiness in the provision of a large 
aspect ratio, it is preferred to use an inorganic laminar 
compound having a property such that it is swollen or 
cleft in a solvent. 

[0040] The degree of the "swelling or cleavage" of the 
25 inorganic laminar compound to be used in the present 
invention in a solvent may be evaluated by the following 
"swelling or cleavage" test. The inorganic laminar com- 
pound may preferably have a swelling property of not 
less than about 5 (more preferably, not less than about 
30 20) according to the following swelling test. On the other 
hand, the inorganic laminar compound may preferably 
have a cleavage property of not less than about 5 (more 
preferably, not less than about 20) according to the fol- 
lowing cleavage test. In these cases, a solvent having 
35 a density smaller than the density of the inorganic lam- 
inar compound is used. When the inorganic laminar 
compound is a natural clay mineral having a swelling 
property, it is preferred to use water as the above sol- 
vent. 

40 

<Swelling property test> 

[0041] 2 g of an inorganic laminar compound is slowly 
added to 100 mL of a solvent, while lOOmL-graduated 

^5 cylinder is used as a container. The resultant mixture is 
left standing, and thereafter the volume of the former 
(the dispersion layer of the inorganic laminar com- 
pound) is read from the graduation corresponding to the 
interface between the dispersion layer of the inorganic 

50 laminar compound and the supernatant after 24 hours 
at 23 °C. When the resultant value is larger, the swelling 
property is higher. 

<Cleavage property test> 

55 

[0042] 30 g of an inorganic laminar compound is slow- 
ly added to 1500 mL of a solvent, and is dispersed by 
means of a dispersion machine (DESPER MH-L, mfd. 



4 



7 



EP 0 691 376 B1 



8 



by Asada Tekko K.K., vane diameter= 52 mm. rotating 
speed = 3100 rpm. container capacity = 3 L, distance 
between the bottom face and the vane = 28 mm) for 90 
minutes at a peripheral speed of 8.5 m/sec (23 "C). 
Thereafter, 100 mL of the resultant dispersion liquid is 
taken out and placed into a graduated cylinder, and then 
is left standing for 60 minutes. Then, the volume of the 
dispersion layer of the inorganic laminar compound is 
read from the graduation corresponding to the interface 
between the dispersion layer of the inorganic laminar 
compound and the supernatant. 
[0043] As the inorganic laminar compound capable of 
being swollen or cleft in a solvent, it Is particularly pre- 
ferred to use a clay mineral having a swelling or cleaving 
property. The clay minerals may be classified into two 
types, i.e., one type having a two-tayer structure, which 
comprises a silica tetrahedral layer, and an octahedral 
layer disposed thereon and comprising a central metal 
such as aluminum and magnesium; and another type 
having a three-layer structure, which comprises an oc- 
tahedral layer comprising a central metal such as alu- 
minum and magnesium, and a silica tetrahedral layer 
disposed on both sides of the octahedral layer so as to 
sandwich the octahedral layer 
[0044] Specific examples of the former two-layer type 
may include: kaolinite series, anttgorite series, etc. Spe- 
cific examples of the latter three-layer type may include: 
smectite series, vermiculite series, mica series, etc., de- 
pending on an interlayer cation contained therein. 
[0045] More specific examples of the clay mineral 
may include: kaolinite, dickite, nacrite, halloysite, antig- 
orite, chrysotile. pyrophyllite. montmorillonite, hectorite, 
tetrasilylic mica, sodium taeniolite, muscovite, mercal- 
lite or margarosanite, talc, vermiculite, phlogopite, xan- 
thophyllite, chlorite, etc. 

(Particle size) 

[0046] In view of difficulty, etc., in the measurement 
of the (true) particle size in a resin composition, in the 
present invention, a value (L) which may be determined 
in a solvent by a dynamic light scattering method (pho- 
ton correlation spectroscopy) as described hereinafter 
is used as the 'particle size' of the inorganic laminar 
compound. The "dynamic light scattering method" used 
herein is a particle size-measuring method utilizing a 
scattering phenomenon of laser light, wherein scattering 
light from particles conducting Brownian movement, i. 
e., scattering light with fluctuation depending on the 
moving velocity or particle size (grain size) of these par- 
ticles, is detected, and an information on the particle size 
is obtained by calculation. 

[0047] According to the presentjnventors' knowl- 
edge, the particle size of the inorganic laminar com- 
pound contained in a resin may be approximated by the 
above-mentioned "particle size in a solvent" obtained by 
the dynamic light scattering method. For example, in a 
case where an inorganic laminar compound which has 



sufficiently been swollen with a solvent (which is the 
same kind of the solvent used in the dynamic light scat- 
tering method) is combined with a resin, the particle size 
of the inorganic laminar compound contained in the res- 
5 in may sufficiently be approximated by the "particle size 
in a solvent" obtained by the dynamic light scattering 
method. 

(Aspect ratio) 

10 

[0048] In the present invention, the aspect ratio (Z) of 
the inorganic laminar compound is a ratio which may be 
determined on the basis of a relationship of Z = L/a. In 
this relationship, L is the particle size of an inorganic 
15 laminar compound determined by the dynamic light 
scattering method In a solvent, and a is the 'unit thick- 
ness" of the inorganic laminar compound. The 'unit 
thickness a" is a value which is determined on the basis 
of the measurement of the inorganic laminar compound 
alone, by a powder X-ray diffraction method, etc. , as de- 
scribed hereinafter. More specifically, as schematically 
shown in the graph of Fig. 1 wherein the abscissa de- 
notes 2*9, and the ordinate denotes the intensity of X- 
ray diffraction peaks, the 'unit thickness a' is a spacing 
obtained from the Bragg's equation (n-A,=: 2-D*sin 6, n = 
1, 2, 3 ...), wherein 6 denotes the angle corresponding 
to the peak having the lowermost angle among those of 
the observed diffraction peaks. With respect to the de- 
tails of the powder X-ray diffraction method, a book en- 
titled "Kiki-Bunseki no Tebiki (Handbook on Instrumen- 
tal Analysis)^", page 69. (1985), editorially supen/ised 
by Jiro SHIOKAWA. published by KAGAKU DOJIN K.K. 
may be referred to. 

[0049] In correspondence to the above relationship of 
Z = ITa based on the measurement of the inorganic lam- 
inar compound alone, when the resin composition ac- 
cording to the present invention is subjected to the pow- 
der X-ray diffraction method, the lattice spacing d of the 
inorganic laminar compound contained in the resin com- 
position may usually be obtained. 
[0050] More specifically, as schematically shown in 
the graph of Fig. 2 wherein the abscissa denotes 2 6, 
and the ordinate denotes the intensity of X-ray diffrac- 
tion peaks, the "lattice spacing d" (a < d) is a spacing 
corresponding to the peak having the lowermost angle 
among the observed diffraction peaks appearing on the 
lower angle (larger spacing) side as compared with the 
position of the diffraction peak corresponding to the 
above-mentioned "unit thickness a". In a case where the 
above peak corresponding to the "lattice spacing d" is 
superposed on a halo (or background) as schematically 
shown in the graph of Fig. 3 so that it is difficult to detect 
such a peak, the area of a portion obtained by subtract- 
ing the base line portion from a portion corresponding 
to an angle lower than 2-ed, is treated as a peak corre- 
sponding to the "lattice spacing d". The 8^ used herein 
is an angle of diffraction corresponding to "(unit length 
a) + (width of one resin chain)". With respect to the de- 
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tails of a method of determining the "lattice spacing d*. 
a book entitled 'Nendo no Jiten (Encyclopedia of Clay) 
page 35 et seq. and page 271 et seq., (1985), edited 
by Shuici IWAO et al., published by ASAKURA SHO- 
TEN K.K. may be referred to. 

[0051] The integrated intensity of the diffraction peak 
(corresponding to the "lattice spacing d") observed in 
the powder X-ray diffraction of a resin composition may 
preferably have a relative ratio of not less than 2 (more 
preferably, not less than 1 0), with respect to the integrat- 
ed intensity of the diffraction peak as a standard (corre- 
sponding to the "lattice spacing d"). 
[0052] In general, the difference between the above 
lattice spacing d and the "unit thickness a", namely, the 
value of k = (d - a) (when converted into "length*) may 
be equal to, or larger than the width of one resin chain 
constituting the resin composition (k = (d - a) s (width 
of one resin chain) ). The "width of one resin chain' may 
be determined by simulation calculation, etc. (as de- 
scribed in. e.g.. a book entitled "KOBUNSHi KAGAKU 
JORON (Introduction to Polymer Chemistry)", pages 
103-110 (1981 ), published by KAGAKU DOJIN K.K.). In 
the case of polyvinyl alcohol, this width is 4-5 A (ang- 
strom), and in the case of water molecules, this width is 
2-3 A. 

[0053] It is considered that the above-mentioned as- 
pect ratio Z = L7a is not always equal to 'true aspect 
ratio" of the inorganic laminar compound in the resin 
composition. However, it is reasonable to approximate 
the "true aspect ratio' by the aspect ratio Z, for the fol- 
lowing reason. 

[0054] Thus, it is extremely difficult to directly meas- 
ure the "true aspect ratio' of the inorganic laminar com- 
pound contained in a resin composition. On the other 
hand, in a case where there is a relationship of a < d 
between the lattice spacing d determined by the powder 
X-ray diffraction method for the resin composition, and 
the "unit thickness a" determined by the powder X-ray 
diffraction method for the inorganic laminar compound 
alone: and the value of (d-a) is not smaller than the width 
of one resin chain in the resin composition, it is assumed 
that the resin is inserted between layers of the inorganic 
laminar compound. Accordingly, it is sufficiently reason- 
able to approximate the thickness of the inorganic lam- 
inar compound in the resin composition by the above- 
mentioned 'unit thickness a", i.e., to approximate the 
"true aspect ratio' in the resin composition by the above- 
mentioned 'aspect ratio Z" of the inorganic laminar com- 
pound alone. 

[0055] As described above, it is extremely difficult to 
measure the true particle size in the resin composition. 
However, it may be considered that the particle size of 
the inorganic laminar compound in the resin is quite near 
to the particle size in a solvent, when the inorganic lam- 
inar compound, which has fully been swollen with a sol- 
vent of the same kind as that of the solvent used in the 
dynamic light scattering method, is combined with a res- 
in to provide a resin composition. 



However, it is hardly considered that the particle size L 
determined by the dynamic light scattering method ex- 
ceeds the major axis length L^^^t of the inorganic laminar 
compound, and therefore the possibility that true aspect 
s ratio {L^^a) is smaller than the "aspect ratio Z' used 
in the present invention (i.e., the possibility of Lmaj/a < 
Z) , is theoretically very small. 

[0056] In consideration of the above-mentioned two 
viewpoints, it is considered that the definition of the as- 
10 pect ratio Z used in the present invention is sufficiently 
reasonable. Thus, in the present specification, the 'as- 
pect ratio" or "particle size" means the "aspect ratio Z' 
as defined above, or 'particle size L' determined by the 
dynamic light scattering method. 

15 

(Solvent) 

[0057] In the present invention, the solvent for swell- 
ing the inorganic laminar compound is not particularly 
20 limited, as long as it is usable in the production of the 
resin composition. For example, when a natural clay 
mineral having a swelling property is used as an inor- 
ganic laminar compound, specific examples of the sol- 
vent may include: water, alcohols such as methanol; po- 
25 lar solvent such as dimethylformamide, dimethyl sulfox- 
ide, and acetone; or mixtures comprising two or more 
species selected from these solvents. It is preferred to 
use water or an alcohol such as methanol having a rel- 
atively low boiling point, in view of easiness in the re- 
30 moval thereof after the film formation or shaping of the 
resin composition. 

(Crosslinking agent for hydrogen-bonding group) 

35 [0058] In the present invention, a crosslinking agent 
for a hydrogen-bonding group (such as hydroxy I group) 
may be used as desired, for the purpose of improving 
the water resistance (or barrier property after water-re- 
sistance environmental test) of a highly hydrogen-bond- 

40 ing resin such as polyvinyl alcohol. 

[0059] The crosslinking agent for the hydrogen-bond- 
ing group usable in the present invention is not particu- 
larly limited. Preferred examples of the crosslinking 
agent may include: titanium-type coupling agent, silane- 

45 type coupling agent, melamine-type coupling agent, 
epoxy-type coupling agent, isocyanate-type coupling 
agent, copper compound, zirconia compound, etc. In 
view of the water resistance, a zirconia compound may 
particularly preferably be used. 

so [0060] Specific examples of the zirconia compound 
may include: halogenated zirconium such as zirconium 
oxychloride. hydroxy zirconium chloride, zirconium tet- 
rachloride, and zirconium bromide; zirconium salts of 
mineral acid such as zirconium sulfate, basic zirconium 

55 sulfate, and zirconium nitrate; zirconium salts of organic 
* acjd such as zirconium formate, zirconium acetate, zir- 
conium propionate, zirconium caprylate, and zirconium 
stearate; zirconium complex salts such as zirconium 



25 



6 



11 



EP 0 691 376 B1 



12 



ammonium carbonate, zirconium sodium sulfate, zirco- 
nium ammonium acetate, zirconium sodium oxalate, zir- 
conium sodium citrate,- zirconium ammonium citrate; 
etc. 

[0061) The amount of the addition of the crosslinking 
agent for a hydrogen-bonding group is not particularly 
limited, but the crosslinking agent may preferably be 
used so as to provide a ratio (K = CN/HN), i.e., ratio of 
the mole (CN) of the Crosslin king-providing group of the 
crosslinking agent, to the mole (HN) of the hydrogen- 
bonding group of the highly hydrogen-bonding resin 
(such as polyvinyl alcohol), which is not less than 0.001 
and not more than 10. The above molar ratio K may 
more preferably be in the range of not less than 0.01 
and not more than 1 . 

(Transparency) 

[0062] A film or shaped article comprising the resin 
composition according to the present invention may 
preferably have a transparency, in view of advantage in 
a case where it Is used for a purpose such as packaging. 
The transparency may preferably have a degree of not 
less than 80 % (more preferably, not less than %) in 
terms of transmittance of whole light at a wavelength of 
500 nm. For example, such a transparency may prefer- 
ably be measured by means of a commercially available 
spectrophotometer (Automatic Recording Spectropho- 
tometer Modei-330, mfd. by Hitachi Seisakusho K.K.). 

(Oxygen permeability) 

[0063] The resin composition, laminate, or laminate 
film according to the present invention has a gas barrier 
property. The gas barrier property may preferably be not 
more than 0.5 cc/m^-day-atm, more preferably not more 
than 0.2 cc/m^-day-atm (particularly preferably, not 
more than 0.15 cc/m^-day-atm), in terms of an oxygen 
permeability under the conditions of 30 *C and 60 % RH 
(relative humidity). 

(Resistance to folding) 

[0064] The resin composition, laminate or laminate 
film according to the present invention may preferably 
have a folding (or bending) resistance. The folding re- 
sistance may preferably be 100 or less, more preferably 
20 or less (particularly preferably. 10 or less), in terms 
of an increment ratio R in the oxygen permeability de- 
fined by R = Pp/P| (wherein Pp denotes the oxygen per- 
meability after a folding test, and P| denotes the oxygen 
permeability before the folding test), when the resin 
composition, laminate, or laminate film according to the 
present invention is subjected to a "folding test" as de- 
scribed hereinafter. At the time of the folding test, the 
resin composition is subjected to the folding test, after 
a layer comprising the resin composition and having a 
thickness after drying of 0.8 ^m is formed on a 20 |im- 



thick "OPP Film" as described hereinafter so that the 
entirety thereof is formed into a laminated film-type 
shape. 

5 (Resin composition) 

[0065] With respect to the composition ratio (volume 
ratio) between the inorganic laminar compound and the 
polyvinyl alcohol used in the present invention, the vol- 
'0 ume ratio of inorganic laminar compound/potyvinyl al- 
cohol (ratio at the time of "Shikomi" (mixing for prepara- 
tion)) is in the range of 5/95 to 30/70. When the volume 
ratio (volume traction) of the above inorganic laminar 
compound/polyvinyl alcohol is below 5/95, the gas bar- 
's rier property becomes insufficient, and particularly, the 
decrease in the barrier property due to folding becomes 
marked. On the other hand, when the above volume ra- 
tio exceeds 30/70, the resultant flexibility or formability 
of the film becomes insufficient, whereby peeling from 
a base material is liable to occur in the case of a laminate 
film. 

[0066] In view of the suppression of a decrease in the 
barrier property due to folding, the volume ratio may 
preferably be not less than 7/93. On the other hand, in 
view of the flexibility or the suppression of peeling prop- 
erty from the base material, the volume ratio may pref- 
erably be not more than 1 7/83. In other words, a volume 
ratio in the range of 7/93 to 17/83 is particularly pre- 
ferred, because the decrease in the barrier property due 
to the folding may substantially be obviated, and a high 
barrier property may easily be obtained in such a range. 
[0067] Such a volume ratio may be determined by di- 
viding respectively the numerator value (weight of the 
inorganic laminar compound) and the denominator val- 
ue (weight of resin) constituting the weight ratio at the 
time of the "mixing for preparation" of these compo- 
nents, by respective densities. In general, there can be 
a case wherein the density of a resin (e.g., polyvinyl al- 
cohol) is somewhat different depending on the crystal- 
linity thereof. In the above case, however, it is possible 
to calculate the volume ratio while assuming the crys- 
tallinity of the polyvinyl alcohol to be 50 %. 

(Production method) 

[0066] The method of formulating or producing the 
above composition comprising an inorganic laminar 
compound and a polyvinyl alcohol is not particularly lim- 
ited. In view of the homogeneity or easiness in handling 
at the time of the formulation, it is possible to adopt, e. 
g., a method (first method) wherein a solution obtained 
by dissolving a polyvinyl alcohol, and a dispersion ob- 
tained by preliminarily swelling or cleaving an inorganic 
laminar compound, are mixed with each other, and 
thereafter the solvent is removed; a method (second 
method) wherein a dispersion obtained by swelling or 
cleaving an inorganic laminar compound, is added to a 
polyvinyl alcohol, and thereafter the solvent is removed; 
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a method (third m thcxj) wherein an inorganic laminar 
compound is added to a solution obtained by dissolving 
a polyvinyl alcohol to obtain a dispersion in which the 
inorganic laminar compound is swollen or cleft, and 
thereafter the solvent is removed; a method (fourth 
method) wherein an inorganic laminar compound and a 
polyvinyl alcohol are kneaded under heating; etc. In 
view of easiness in the provision of a large aspect ratio 
of the inorganic laminar compound, it is preferred to 
adopt the former three method (first to third methods). 
[0069] In the former two methods (first to second 
methods), in view of improvement in the water resist- 
ance (barrier property after the water-resistance envi- 
ronmental test), it is preferred that the solvent is re- 
moved from the system and thereafter a thermal aging 
treatment is conducted at a temperature of not less than 
110 °C and not more than 220 °C (more preferably, a 
temperature of not less than 130 *C and not more than 
210 'C). The aging period of time is not particularly lim- 
ited. In consideration of the necessity for a film temper- 
ature to reach at least a set temperature, for example, 
it is preferred to adopt an aging time of not less than 1 
sec. and not more than 1 00 min. (more preferably, about 
3 sec. to 10 min.) in the case of a drying method using 
a heating medium-contact type dryer such as hot-air 
dryer, in view of a balance between the water resistance 
and productivity. 

[0070] The heat source to be used in the above aging 
treatment is not particularly limited. For example, it is 
possible to apply any of various methods such as those 
utilizing heat roll contact, heat medium contact (air, oil, 
etc.), infrared heating, and microwave heating. 
[0071] The effect of improving the water resistance 
may remarkably be enhanced in a case where the inor- 
ganic laminar compound is a clay mineral having a 
swelling property. 

(Laminate structure) 

[0072] The laminate structure or shaped structure of 
a resin composition according to the present invention 
is not particularly limited, as long as it comprise, as at 
least a portion (or layer) thereof, a polyvinyl alcohol com- 
position comprising a polyvinyl alcohol and an inorganic 
laminar compound having an aspect ratio of not less 
than 50 and not more than 5000. More specifically, the 
resin composition according to the present invention 
may be shaped into any of various forms such as film, 
sheet, and container. 

[0073] Fig. 4 is a schematic sectional view showing 
an embodiment wherein the resin composition accord- 
ing to the present invention is shaped into the form of a 
laminate film. Referring to Fig. 4, the laminate film in this 
embodiment comprises a first base material layer 2. and 
a layer 1 of a resin composition disposed thereon com- 
prising an inorganic laminar compound and a polyvinyl 
alcohol. 

[0074] The laminate film according to the present in- 



vention may also have a laminate structure as shown in 
the schematic sectional views of Figs. 5-7. The laminate 
film in the embodiment of Fig. 5 comprises a second 
base material layer 3, a first base material layer 2 dis- 
5 posed on the second base material layer 3, and a layer 
1 of a resin composition disposed on the first base ma- 
terial layer 2 and comprising an inorganic laminar com- 
pound and a polyvinyl alcohol. The laminate film in the 
embodiment of Fig. 6 comprises a first base material lay- 
10 er 2, a layer 1 of a resin composition disposed on the 
first base material layer 2 and comprising an inorganic 
laminar compound and a polyvinyl alcohol, and a sec- 
ond base material layer 3 disposed on the resin compo- 
sition layer 1. In addition, the laminate film in the em- 
'5 bodiment of Fig. 7 comprises a second base material 
layer 3. a first base material layer 2 disposed on the sec- 
ond base material layer 3, a layer 1 of a resin composi- 
tion disposed on the first base material layer 2 and com- 
prising an inorganic laminar compound and a polyvinyl 
20 alcohol, and a second base material layer 3a disposed 
on the resin composition layer 1 . 

(Base material) 

2S [0075] In the present invention, the base material to 
be used for the base material (or substrate) layer (e.g., 
the base material layer 2 in the embodiment of Fig. 4) 
is not particularly limited. It is possible to use any of 
known or ordinary base materials such as resin, paper, 

30 aluminum foil, woody material, cloth, and non woven fab- 
ric, in accordance with the use or purpose thereof. 
[0076] Specific examples of the polyvinyl alcohol con- 
stituting the base material may include: polyolefin-type 
resins such as polyethylene (low density, high density) 

35 ethylene-propylene copolymer, ethylene-butene copol- 
ymer, ethylene-hexene copolymer, ethylene-octene co- 
polymer, polypropylene, ethylene-vinyl acetate copoly- 
mer, ethylene-methyl methacrylate copolymer, and ion- 
omer resin; polyester-type resins such as polyethylene 

40 terephthalate (PET), polybutylene terephthatate. and 
polyethylene naphthalate; amide-type resins such as 
nylon-6, nylon-6-6. meta-xylenediamine-adipic acid 
condensation polymer, and polymethyl methacrylimide; 
acrylic-type resins such as polymethyl methacrylate; 

4S styrene- or acrytonitrile-type resins such as polystyrene, 
styrene-acrylonitrile copolymer, styrene-acrylonitrile- 
butadiene copolymer, and polyacrylonitrile; hydropho- 
bicity-imparted cellulose-type resins such as cellulose 
triacetate, and cellulose diacetate; halogen-containing 

50 resins such as polyvinyl chloride, polyvinylidene chlo- 
ride, polyvinylidene fluoride, and polytetrafluoroethyl- 
ene (Teflon); hydrogen-bonding resins such as polyvinyl 
alcohol, ethylene-vinyl alcohol copolymer and cellulose 
derivatives; engineering plastic-type resins such as 

55 polycarbonate polyvinyl alcohol, polysulfone resin, pol- 
yethersulfone resin, potyether ether ketone resin, 
polyphenylene oxide resin, polymethylene oxide resin, 
and liquid crystal resin; etc. 



20 



8 



15 



EP 0 691 376 B1 



16 



[0077] In the present invention, in view of the strength 
or gloss, the resin layer to be used for the above-men- 
tioned base material layer may preferably be an oriented 
(particularly, biaxially oriented) film. Specific examples 
of such an oriented film may include a biaxially oriented 
polypropylene film, a biaxially oriented polyamtde film, 
a biaxially oriented polyethylene terephthalate film, etc. 

(Method of forming lamination, etc.) 

(0078] The method for laminating or forming a lami- 
nate or laminate film is not particularly limited. As a 
method for laminating a resin composition layer contain- 
ing an inorganic laminar compound on a base material 
layer, it is preferred to use a coating method wherein a 
coating liquid containing a composition comprising a 
polyvinyl alcohol and an inorganic laminar compound is 
applied onto the surface of a base material, and then 
dried and heat-treated; a method wherein a layer of a 
resin composition containing an inorganic laminar com- 
pound is laminated aften^^ard onto a base material layer; 
a method wherein a resin(for forming a base material 
layer) is extrusion-laminated onto a resin composition 
layer containing an inorganic laminar compound; etc. 
One or more interfaces between the respective layers 
constituting the laminate film according to the present 
invention may be subjected to a treatment such as co- 
rona treatment and anchor coating treatment, as de- 
sired. 

[0079] Specific examples of the coating method may 
include: gravure methods such as direct gravure meth- 
od, reverse gravure method and micro-gravure method; 
roll coating methods such as twin-roll bead coating 
method, and bottom-feed triple reverse coating method; 
doctor knife method, die coating method, dip coating 
method, bar coating method, and coating method com- 
bining these coating methods. 
[0080] When the above-mentioned laminate is 
formed, it is preferred to use a method wherein an inor- 
ganic laminar compound, which is in a state such that it 
has been swollen or cleft in a solvent, is dispersed in a 
polyvinyl alcohol resin (or a solution of such a resin), 
and then the solvent is removed from the resultant mix- 
ture system while substantially retaining such a disper- 
sion state. 

[0081] The thickness of a layer comprising a resin 
composition comprising an inorganic laminar compound 
and a polyvinyl alcohol is not particularly limited. While 
the th ickness of the resin composition layer is somewhat 
different depending on the kind of a base material to be 
combined therewith, or an intended barrier perform- 
ance, etc., the thickness may preferably be not more 
than 10 nm in terms of the thickness after drying. In a 
case where a higher transparency is demanded, the 
thickness may preferably be not more than 2 |im (more 
preferably, not more than 1 ^m) in terms of thickness 
after drying. When the thickness is not more than 1 )im, 
it is considerably advantageous in view of the transpar- 



ency as the resultant laminate. 
Accordingly, such a thickness is particularly preferred 
for a use wherein transparency is particularly demanded 
(e.g., use for food packaging). 
5 [0082] The thickness of the resin composition layer 
does not have a particular lower limit. In view of provi- 
sion of a sufficient gas barrier property, the thickness 
may preferably be 1 nm or larger, more preferably 10 
nm or larger (particularly preferably, 100 nm or larger). 
w [0083] In the present invention, it is possible to lami- 
nate another base material (such as the second base 
material 3 or 3a in the embodiments of Figs. 5-6) onto 
the above-mentioned laminate film comprising a first 
base material and a resin composition layer. The base 
IS material to be used for such a purpose is not particularly 
limited, and may appropriately be selected in accord- 
ance with the use or purpose thereof. For example, it is 
possible to use any of known or ordinary base materials 
such as resin, paper, aluminum foil, woody material, 
20 cloth, and nonwoven fabric as described hereinabove. 
[0084] In addition, it is also possible to mix with or add 
to the resin composition, film or shaped article according 
to the present invention as desired, any of various ad- 
ditives such as ultraviolet light absorbing agent, color- 
25 ant, and antioxidant, within a range wherein the effect 
of the present invention is not substantially impaired. 
Further, it is of course possible to use an adhesive or 
printing ink, as desired, e.g., at the time of .laminating 
operation. 

30 [0085] Hereinbelow, the present invention will be de- 
scribed in detail with reference to Examples, by which 
the present invention is not limited. 

(Examples) 

35 

[0086] The methods of measuring various physical 
properties used in the present specification are de- 
scribed below. 



[0087] Oxygen permeability was measured by using 
a method according to Japanese Industrial Standard 
(JIS) (JISK-7126). 

45 [0088] More specifically, a sample film (test piece) 
was mounted to a commercially available oxygen per- 
meability measuring apparatus (trade name: OX-TRAN 
10/50A. mfd, by MOCON Co. U.S.A.). and the oxygen 
permeability was measured under the measuring con- 

50 ditions of a temperature of 31 'C (humidity-controlled 
thermostat = 21 *C). At this time, the relative humidity 
was about 61 %. In this measurement, the oxygen per- 
meability of the sample film was continuously meas- 
ured, and the oxygen permeability at a point of time at 

55 which the oxygen permeability became substantially 
constant (usually, about several hours to three days af- 
ter the initiation of the measurement) was used as the 
data thereof in this specification. When the oxygen 



40 <Oxygen permeability> 
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transmission is represented by the ordinate of a graph, 
and the time t is represented by the abscissa thereof, 
the period of time (8 sec.) wherein the film interior reach- 
es the equilibrium may be represented by an equation 
of e = d2/ 6-D. wherein d denotes the film thickness (^im) 5 
of the sample film, and D denotes a diffusion constant 
((^im)2/sec). Accordingly, the period of lime for the 
measurement is different depending on the kind of the 
sample. 

10 

<Foldin9 test> 

[0089] A 33 cm-wide non-oriented polypropylene film 
(trade name: Pylene Film-CT, mfd. by Toyobo K.K., 
thickness 50 ^m) was dry-laminated onto an inorganic '5 
laminar compound-containing layer (resin composition 
layer) side of a laminate film to be examined by means 
of a laminating machine (trade name: Test-Coater. mfd. 
by Yasui SeikI Co.) under a pressure of 4 kg/cm^ at a 
speed of 6 nrVmin., while using a urethane-type adhesive 20 
(trade name: Yunoflex-J3, mfd. by Sanyo Kasei K.K.) in 
an amount of 3 g/m2 (solid content). The resultant dry- 
laminated film was then sampled to be formed into a test 
piece form having a length of 1 2 cm and a width of 1 2 
cm. 25 
[0090] The test piece was subjected to "folding" in the 
following manner. Thus, as shown in Fig. 8, the test 
piece (Step 1 ) was folded into an accordion-like shape 
having an inten/al of 1 cm by using hands (Step 2). The 
resultant test piece was then sandwiched between two 30 
flat plates of acrylic resin (dimensions: 15 cm x 15 cm, 
thickness: about 5 mm). A load of 5 kg was applied to 
the resultant sandwich-like product, and the sandwich- 
like product was left standing for 30 min. in this state 
(Step 3). Then, the application of the load was removed 3S 
and the test piece was once spread (Step 4). Thereafter, 
the spread test piece was again subjected to the above 
"folding" process (Steps 2 to 3) except that the test piece 
was provided with folds perpendicular to the "first folds" 
which had been provided to the test piece as described 40 
above, to be folded into an accordion-like shape having 
an interval of 1 cm, whereby a 'test piece after folding" 
(Step 5) was obtained. 

[0091] The thus prepared "test piece after folding' 
was subjected to oxygen permeability measurement in ^5 
a manner as described hereinabove. When pin-holes, 
etc. , are formed in the inorganic laminar compound<on- 
taining layer during the above "folding", the resultant ox- 
ygen permeability tends to be increased. 

so 

<Film strength test (qualitative test)> 

[0092] A double-side coated adhesive tape was bond- 
ed to a test piece (length 5 cm X 5 cm square) of a lam- 
inate film to be examined on the opposite surface side ss 
thereof, which is the side opposite to the inorganic lam- 
inar compound-containing layer (resin composition lay- 
er), and then the test piece was fixed onto a flat plate of 



acrylic resin. One cutting line having a dimension of 5 
mm X 5 mm square was imparted to the thus fixed test 
piece by use of a cutter knife. Then, a commercially 
available adhesive cellophane tape (trade name: Sek- 
isul-Celotape, mfd. by Sekisui Kagaku Kogyo K.K., 
width: 18 mm) was bonded to the test piece in a length 
of about 3 cm so as to cover the above-mentioned "cut- 
ting line" under a load of 1 kg/cm2 for 1 0 min. Thereafter, 
the above acrylic resin plate and the adhesive cello- 
phane tape were peeled from each other by hands so 
as to provide an angle of about 90 degrees therebe- 
tween, whereby the breakage or peeling of the inorganic 
laminar compound-containing layer was observed with 
naked eyes. 

[0093] As a result of the above peeling test, a case 
wherein the breakage or peeling of the inorganic laminar 
compound-containing layer was observed was repre- 
sented by a symbol "x ' and a case wherein no breakage 
or peeling of the inorganic laminar compound-contain- 
ing layer was observed was represented by a symbol 
•O". 

<Thickness measurement> 

[0094] A thickness of not less than 0.5 ^m was meas- 
ured by means of a commercially available digital-type 
thickness measuring device (contact -type thickness 
measuring device, trade name: Ultra-High Precision De- 
ci-Micro Head MH-15M, mfd. by Nihon Kogaku Co.). 
[0095] On the other hand, a thickness of less than 0.5 
Jim was determined by a gravimetric analysis method, 
wherein the weight of a film having a predetermined ar- 
ea was measured, the resultant weight was divided by 
the area, and further divided by the specific gravity of 
the composition; or an elemental analysis method (in the 
case of a laminate comprising a resin composition layer 
and a base material, etc.). 

[0096] In a case where the elemental analysis (meas- 
uring principle: ICP emission spectrometry, with refer- 
ence to a book entitled "ICP Emission Spectrometry", 
edited by Nihon Bunseki Kagaku-kai (Japan Society of 
Analytical Chemistry). 1988, published by Kyoritsu 
Shuppan) was used, the ratio between the layer of the 
resin composition according to the present invention 
and the base material was determined by calculation on 
the basis of the ratio between the analytical value of a 
predetermined inorganic element (originating from the 
composition) of the laminate, and the fraction of a pre- 
determined element (e.g., Si) of the inorganic laminar 
compound alone. 

<Particle size measurement> 

[0097] Predetermined parameters such such as the 
refractive index of a solvent (e.g., n = 1 .332 in the case 
of water), the viscosity of the solvent (e.g.. t| = 0.890 cP. 
in the case of water), and the refractive index of an in- 
organic laminar compound (e.g., n =1.56 in the case of 
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mica) were inputted to a commercially available ultrafine 
particle size analyzing apparatus (trade name: BI-90, 
mfd. by Brookheaven Co., U.S.A., Japanese agent: Nik- 
kiso K.K.), and measurement was conducted at a tem- 
perature of 25 'C, in a solvent of water, while a solution 
having a weight ratio (inorganic laminar compound / wa- 
ter) of 2 % was diluted in accordance with an estimated 
particle size. Through such a method, the particle size 
L was determined as a central particle size value meas- 
ured by a photon correlation method based on dynamic 
light scattering, which was automatically outputted from 
the above analyzer as a digital value. In this particle size 
measurement for the inorganic laminar compound, each 
time the measurement was conducted, calibration 
measurement was also conducted by using the follow- 
ing standard samples comprising true spherical fine par- 
ticles, whereby it was confirmed that the measured data 
of the particle size of the standard samples fell within 
the range of relative error of ± 10 %. 
[0098] True Spherical Fine Particles: particles mfd. by 
Dow Chemical Co., U.S.A., trade name: UNIFORM LA- 
TEX PARTICLES 

<Particle sizes determined by SEM (scanning electron 
microscope); Dow> 

[0099] 

0.085 \m) (deviation 0.0055 ^m) 
0.109 (deviation 0.0027 |am) 
0.330 ^m (deviation 0.0040 jam) 
0.806 Mm (deviation 0.0057 |im) 
2.02 ^m (deviation 0.01 35 pm) 
2.97 nm (deviation 0.23 pm) 

< Aspect ratio calculation> 

[0100] An inorganic laminar compound and a resin 
composition were respectively subjected to diffraction 
measurement by means of a commercially available X- 
ray diffractometer (trade name: XD-5A, mfd. by Shima- 
zu Seisakusho K.K.) through a powder method. The lat- 
tice spacing (unit thickness) a was determined on the 
basis of the measurement of the inorganic laminar com- 
pound alone. In addition, it was confirmed that a portion 
in which the lattice spacing of the inorganic laminar com- 
pound had been increased (a portion in which lattice 
spacing d > a) was present in the resin composition, on 
the basis of the diffraction measurement of the resin 
composition. 

[01 01 ] By use of the resultant particle size L obtained 
by the dynamic scattering method, the aspect ratio Z 
was determined by using an equation of Z = L/a. 

Example 1 

[0102] Natural montmorlllonite (trade name: Kunipia 
F, mfd. by Kunimine Kogyo K.K.) was dispersed in ion- 



exchange water (electric conductivity: 0.7 ^S/cm or be- 
low) so as to provide a concentration of 1 wt.%, thereby 
to provide a dispersion of an inorganic laminar com- 
pound (Liquid A). The above montmorillontte had a par- 
5 tide size of 560 nm, a unit thickness a obtained by pow- 
der X-ray diffraction of 1.2156 nm, and an aspect ratio 
of 461. 

[0103] Separately, a polyvinyl alcohol (trade name: 
PVA 117H, mfd. by Kuraray K.K., saponification degree 

10 = 99.6 %, degree of polymerization = 1700) was dis- 
solved in ion-exchange water (electric conductivity: 0.7 
^iS/cm or below) so as to provide a concentration of 1 
wt.%, thereby to provide a resin solution (Liquid B). 
[0104] The thus obtained Liquids A and B were mixed 

15 with each other so as to provide a solid content ratio 
(volume ratio) of (inorganic laminar compound / resin) 
= 5.3/94.7, thereby to provide a coating liquid. 
[01 05] A 20 Mm-thick biaxially oriented polypropylene 
film (trade name: Pylene Film OT, mfd. by Toyobo K.K.) 

20 was subjected to corona discharge treatment. Onto the 
thus treated film, the coating liquid having the above 
composition was applied by gravure coating (by use of 
"Test Coater" mfd. by Yasui Seiki K.K.), microgravure 
coating method, coating speed: 3 m/min., drying tem- 

25 perature: 80 'C (inlet side heater), 100 'C (outlet side 
heater)), thereby to provide a laminate film. The thick- 
ness after drying of the above coating layer was 0.8 |im. 
[0106] The thus obtained laminate film was subjected 
to an oxygen permeability test, a folding test, and a film 

30 strength test. The test results are shown in Fig. 10 (Table 
2). 

[0107] As shown in the below Table 2, the laminate 
film obtained by this example provided excellent results 
with respect to all of the items of the above oxygen per- 
35 meabiiity, folding resistance (suppression of a decrease 
in barrier property due to folding), and film strength. 

Examples 2-7 

40 [0108] Laminate films were prepared and were sub- 
jected to an oxygen permeability test, a folding test, and 
a film strength test in the same manner as in Example 
1 , except that the kind of the base material or inorganic 
laminar compound, and the volume ratio between the 
^5 inorganic laminar compound and the polyvinyl alcohol 
were respectively changed to those shown in Table 1 
(Fig. 9). The test results are shown in Table 2 (Fig. 10). 
[0109] As shown in the above Table 2, the laminate 
films obtained by these examples provided excellent re- 
50 suits with respect to all of the items of the above oxygen 
permeability, folding resistance (suppression of a de- 
crease in barrier property due to folding), and film 
strength. 

55 Example 8 

[011 0] Zirconium ammonium carbonate (trade name: 
Zircozol AC7. mfd. by Dai-ichi Kigenso Kogyo K.K., an 
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aqueous solution containing 15 wt.% of the solute (cal- 
culated in terms of zirconium oxide)), as a crosslinking 
agent for hydrogen-bonding group was added to the 
mixture solution comprising the Liquid A and Liquid B 
prepared in Example 1 in an amount so as to provide a 
ratio of the zirconium element of one mole, with respect 
to 1 5 mole of the hydroxyl group of the polyvinyl alcohol. 
By use of the resultant mixture, a laminate film was pre- 
pared and was subjected to an oxygen permeability test, 
and a film strength test in the same manner as in Exam- 
ple 1, except that a biaxially oriented polyethylene 
terephthalate film (trade name: Lumilar, mfd. by Toray 
K.K.. thickness: 25 ^m) was used as the base material, 
and the other constituents were changed to those as 
shown in Table 1 (Fig. 9). The respective measurement 
results are shown in the above Table 2 (Fig. 10). 
[0111] As shown in the above Table 2, the laminate 
film obtained by this example provided excellent results 
with respect to all of the items of the above oxygen per- 
meability, and film strength. 

Example 9 

[0112] Zirconium ammonium carbonate (trade name: 
Zircozol AC7, mfd. by Dai-ichi Kigenso Kogyo K.K., an 
aqueous solution containing 1 5 wt.% of the solute (cal- 
culated in terms of zirconium oxide)), as a crosslinking 
agent for hydrogen-bonding group was added to the 
mixture solution comprising Liquid A and Liquid B pre- 
pared in Example 1 in an amount so as to provide a ratio 
of the zirconium element of one mole with respect to 1 5 
mole of the hydroxyl group the polyvinyl alcohol. By use 
of the resultant mixture, a laminate film was prepared in 
the same manner as in Example 1 , except that the other 
constituents were changed to those as shown in Table 
1 (Fig. 9). Thereafter, the resultant laminate film was 
subjected to a heat treatment by means of a hot-air dryer 
at 180 "C for 5 min., thereby to provkie a laminate film. 
[01 13] The thus prepared laminate film was subjected 
to an oxygen permeability test and a film strength test. 
The respective measurement results are shown in the 
above Table 2 (Fig. 10). As shown in the above Table 2, 
the laminate film obtained by this example was excellent 
in both of the above oxygen permeability and film 
strength. 

Comparative Examples 1 -2 

[0114] Laminate films were prepared and were sub- 
jected to an oxygen permeability test, a folding test, and 
a film strength test in the same manner as in Example 
1 , except that an inorganic laminar compound having a 
small aspect ratio (aspect ratio Z = about 35) was used 
and the other constituents were changed to those as 
shown in Table 1 (Fig. 9). The test results are shown in 
Table 2 (Fig. 10). 

[0115] As shown in the abov Table 2. the laminate 
films obtained by these Comparative Examples were 



considerably poor in the gas barrier property 
Comparative Example 3 

s [0116] A laminate films was prepared and was sub- 
jected to an oxygen permeability test, a folding test, and 
a film strength test in the same manner as in Example 
1, except that the volume ratio between the inorganic 
laminar compound and the polyvinyl alcohol was 

10 changed to that as shown in Table 1 (Fig. 9). The test 
results are shown in Table 2 (Fig. 10). 
[0117] As shown in the above Table 2. the laminate 
film obtained by this Comparative Example was consid- 
erably poor in the folding resistance, and was also weak 

IS in the film strength. 

Comparative Example 4 

[0118] A laminate films was prepared and was sub- 
jected to an oxygen permeability test, a folding test, and 
a film strength test in the same manner as in Example 
1 , except that the inorganic laminar compound was used 
without adding a polyvinyl alcohol thereto (i.e., volume 
ratio of the inorganic laminar compound = 0) as shown 
in Table 1 (Fig. 9). The test results are shown in Table 
2 (Fig. 10). 

[0119] As shown in the below Table 2, the laminate 
film obtained by this Comparative Example was consid- 
erably poor in the gas barrier property. 

Comparative Example 5 

[01 20] A laminate film was prepared and was subject- 
ed to an oxygen permeability test, a folding test, and a 
film strength test in the same manner as in Example 9. 
except that the kind of the inorganic laminar compound, 
the volume ratio between the inorganic laminar com- 
pound and the polyvinyl alcohol, and the crosslinking 
agent for hydrogen-bonding group were changed to 
those as shown in Table 1 (Fig. 9). The test results are 
shown in Table 2 (Fig. 10). 

[0121] As shown in the below Table 2, the laminate 
film obtained by this Comparative Example was weak in 
the film strength. 

Comparative Example 6 

[0122] ' The oxygen permeability of a commercially 
available 20 fim-thick biaxially oriented polypropylene 
film (trade name: Pylene Film-OT mfd. by Toyobo K.K.) 
was measured. As a result, it was found that the oxygen 
permeability was not less than 1000 cc/m2.day-atm, and 
the film was considerably poor in the gas barrier prop- 
erty. 

[0123] The meanings of the abbreviation used in the 
below Table 1 (Fig. 9) are as follows. 

CPP: Polypropylene film (trade name: Pylene Film- 
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CT mfd. by Toyobo K,K.) 

OPP: Biaxially oriented polypropylene film (trade 
name; Pylene Film-OT, mfd. by Toyobo K.K.) 
OPET: Biaxially oriented polyethylene terephtha- 
late film (trade name: Lumilar. mfd. by Toray K.K.) 
NA: Tetrasilylic mica fine powder (trade name: 
NaTs, mfd. by Topee Kogyo Co.); particle size = 
977 nm, unit thickness a = 0.9557 nm, aspect ratio 
Z= 1043. 

F: Natural montmorillonite (trade name: Kunipta F, 
mfd. by Kunimine Kogyo Co.); particle size = 560 
nm, unit thickness a = 1 .2156 nm, aspect ratio Z = 
461. 

L: Synthetic hectorite (trade name: Laponite XLS, 
mfd. by Nihon Silica Kogyo Co.); particle size = 35 
nm. unit thickness a = about 1 nm (diffraction peak 
was broad), aspect ratio Z = about 35. 
H: Polyvinyl ateohol (tradename: Poval 117H. mfd. 
by Kuraray K.K., degree of polymerization = 1700, 
saponification degree = 99.6 mol%). 
1 1 7: Polyvinyl alcohol (trade name: Poval 117, mfd. 
by Kuraray K.K., degree of polymerization = 1700, 
saponification degree = 98.5 mol%). 
Z: Aqueous solution of zirconium ammonium car- 
bonate (trade name: Zircozol AC7, mfd. by Dai-ichi 
Kigenso Kogyo Co.) 
A: Heat treatment at 180 ^C, for 5 min. 

[0124] Figs. 11-16 respectively show powder X-ray 
diffraction peaks of an inorganic laminar compound or 
composition each having various values of the lattice 
spacing d. 

[0125] Fig. 11 is a graph showing X-ray diffraction 
peaks of a polyvinyl alcohol PVA-117H / "Kunipia F" 
composition used in the above Examples. Fig. 1 2 is a 
graph showing X-ray diffraction peaks of "Kunipia F" 
(montmorillonite) used in the above Examples. 
[0126] Fig. 1 3 (composition having a lattice spacing d. 
= 19.62 A (pattern of the below Fig. 2), Fig. 14 (compo- 
sition having a lattice spacing d =32.94 A. pattern of the 
below Fig. 2 or Fig. 3), Fig. 15 (composition having a 
lattice spacing d > 44. 13 A, pattern of the below Fig. 3), 
and Fig. 16 (composition having a lattice spacing d ^ 
44. 1 3 A, pattern of the below Fig, 3) are graphs respec- 
tively showing powder X-ray diffraction peaks of com- 
positions having various values of the lattice spacing d. 

Industrial Applicability 

[0127] As described hereinabove, according to the 
present invention, there is provided a resin composition 
comprising: polyvinyl alcohol, and an inorganic laminar 
compound having an aspect ratio of not less than 200 
and not more than 3000. wherein the volume ratio of 
(inorganic laminar compound/polyvinyl alcohol) is in the 
range of (5/95) to (30/70); a laminate comprising such 
a resin composition as at least a layer thereof; and a 
laminate film comprising a base material and at least 



one layer disposed thereon and comprising the above 
resin composition. 

[0128] According to the present invention, a gas bar- 
rier property at a high level which has never been 

5 achieved in the prior art. may be imparted to the resin 
composition, while retaining both of a good folding re- 
sistance and a good film strength. 
[01 29] As described in the above 'Best Mode for Car- 
rying Out the invention' and "Examples', although an 

'0 inorganic laminar compound having a small aspect ratio 
imparts only a low gas barrier property to a polyvinyl al- 
cohol, an inorganic laminar compound having an aspect 
ratio of not less than 50 and not more than 5000 used 
in the present invention exhibit a sufficient effect of im- 

'5 parting a gas barrier property to a polyvinyl alcohol. In 
addition, in the above volume ratio (inorganic laminar 
compound/polyvinyl alcohol) range of (5/95) to (30/70) 
used in the present invention, i.e., in a relatively small 
volume fraction range of the inorganic laminar com- 

20 pound, a pin hole which is capable of considerably de- 
creasing the gas barrier property at the time of folding 
is less liable to be produced. As a result, in such a range, 
the dropping-out of a film comprising the above resin 
composition is effectively suppressed, and further the 

25 peeling strength at the time of laminating an inorganic 
laminar compound-containing layer onto another base 
material may be considerably improved. 
[0130] On the basis of the above-mentioned charac- 
teristics, the resin composition, or laminate film accord- 

30 ing to the present invention is usable as a packaging 
material. In the usage in food packaging, it is usable for 
a wide range of packaging, such as: 'miso* (soybean 
paste), pickles, daily dish, baby food, "tsukudani' (pre- 
served food boiled down in soy sauce), 'konnyaku' 

3S (paste made from devil's-tongue), 'chikuwa' (Japanese 
fish paste cooked in a bamboo-like shape), "kamaboko" 
(boiled fish paste), processed marine products, meat 
ball, hamburger steak. Genghis Khan-type meat (meat 
for cooking), ham, sausage, and other processed stock 

40 raising products, green tea. coffee, tea, dried bonito. 
'tororo-konbu' (sliced tangle), oily confectionery such 
as French fried potatoes and buttered peanuts, confec- 
tionery made from rice, biscuit, cookie, cake, 'manjuu" 
(bun stuffed with sweetened bean paste), sponge cake, 

4S cheese, butter, cut rice cake, soup, sauce, Chinese noo- 
dles, etc. 

[0131] In addition, the resin composition or laminate 
film according to the present invention is suitably usable 
tor a wide range purposes including industrial packaging 

so such as: those in the fields of medical, electronics, 
chemical and mechanical; more specifically, packaging 
of feed for pets, agricultural chemicals and fertilizer, and 
package for transfusion; and semiconductor packaging, 
packaging of an oxidative agent (or an agent susceptible 

55 to oxidation), precision material packaging, etc. 

[0132] Further, the laminate, laminate film or shaped 
article according to the present invention is suitably us- 
able as a shaped article in the form of bottle, tray, etc.. 
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to be used for a squeezing-type bottle of mayonnaise, 
juice, soy sauc , edible oil, sauce, food tray for micro- 
wave oven, cups for yogurt, etc. 
(01 33] The resin composition according to the present 
invention may exhibit a good gas barrier property in any 
form or shape of those as described hereinabove, while 
retaining a good folding resistance and a good film 
strength. 

Claims 

1 . A resin composition comprising: a polyvinyl alcohol; 
and an Inorganic laminar compound having an as- 
pect ratio of 200 to 3000, which has a volume ratio 
of (inorganic laminar compound/polyvinyl alcohol) 
in the range of (5/95) to (30/70), the aspect ratio be- 
ing defined by an equation of Z = L/a wherein L is 
the particle size of the inorganic laminar compound 
and a is a unit thickness of the inorganic laminar 
compound . 

2. A resin composition according to Claim 1 , wherein 
the inorganic laminar compound is an inorganic 
laminar compound having a particle size of 5 tim or 
smaller 

3. A resin composition according to Claim 1 , wherein 
the inorganic laminar compound is an inorganic 
laminar compound having a property such that it is 
swollen or cleft in a solvent. 

4. A resin composition according to Claim 3, wherein 
the inorganic laminar compound comprises a clay 
mineral having a swelling property. 

5. A resin composition according to any of Claims 1 -4, 
which has a volume ratio of (inorganic laminar com- 
pound / polyvinyl alcohol) in the range of (7/93) to 
(17/83). 

6. A resin composition according to any of Claims 1 -5. 
which further comprises a crosslinking agent for hy- 
drogen-bonding group. 

7. A resin composition according to Claim 6, wherein 
the crosslinking agent for hydrogen -bonding group 
is a zirconia compound. 

8. A resin composition according to any of Claims 1 -7, 
which has an oxygen permeability of not more than 
0.2 cc/m2.day-atm under the conditions of 30 'C 
and 60 % RH. 

9. A laminate, comprising: a base material, and at 
least one layer disposed thereon comprising a resin 
composition according to any of Claims 1 -8. 



10. A laminate according to Claim 9. which has an ox- 
ygen permeability of not more than 0.2 cc/ 
m2.day-atm under the conditions of 30 'C and 60 % 
RH. 

5 

11. A laminate according to Claim 9 or 10, which has a 
shape of a laminate film. 

1 2. A shaped article comprising, at least a portion there- 
to of, a resin composition according to any of Claims 

1-8. 

13. A shaped article according to Claim 11 , which has 
an oxygen permeability of not more than 0.2 cc/ 

'5 m^-day-atm under the conditions of 30 **C and 60 % 
RH. 

1 4. A process for producing a laminate according to any 
of Claims 8 to 11 , comprising: 

20 

dispersing an inorganic laminar compound in a 
polyvinyl alcohol resin or a solution thereof, the 
inorganic laminar compound being in a state 
such that it is swollen or cleft in a solvent; and 
25 removing the solvent from the resultant mixture 

system, while retaining the dispersion state. 

Patentanspruche 

30 

1. Harzmasse. umfassend einen Polyvinylalkohol und 
etne anorganische Schichtverbindung mit einer 
Verhaltniszahl von 200 bis 3000, die ein Volumen- 
verhaltnis (anorganische Schichtverbindung/Poly- 

35 vinylalkohol) im Bereich von (5/95) bis (30/70) auf- 
weist. wobei die Verhaltniszahl durch eine Qlei- 
chung Z = LTa, in der L die Teilchengr63e der anor- 
ganischen Schichtverbindung und a eine Dickeein- 
heit der anorganischen Schichtverbindung ist, defi- 

40 niert wird. 

2. Harzmasse gemaO Anspruch 1 . wobei die anorga- 
nische Schichtverbindung eine anorganische 
Schichtverbindung mit einer Teilchengrd3e von 5 

45 |im Oder kleiner ist. 

3. Harzmasse gemaB Anspruch 1 . wobei die anorga- 
nische Schichtverbindung eine anorganische 
Schichtverbindung mit der Eigenschaft ist. in einem 

50 Losungsmittel zu quellen Oder auf gespalten zu wer- 
den. 

4. Harzmasse gemafB Anspruch 3, wobei die anorga- 
nische Schichtverbindung ein Tonmineral mit Quell- 

55 eigenschaft umfa3t. 

5. Harzmasse gemaQ einem der Anspruche 1-4, die 
ein Volumenverhaltnis (anorganische Schichtver- 
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une ^paisseur unitaire du composd laminajre inor- 
ganique. 

2. Composition de r6sine suivant la revendication 1 , 
5 dans laquelle le compos6 laminaire inorganique est 

un compos6 laminaire inorganique ayant une taille 
de particule de 5 ^m ou molns. 

3. Composition de resine suivant la revendication 1 . 
'0 dans laquelle le compose laminaire Inorganique est 

un compose laminaire inorganique ayant une pro- 
pridtd telle qu'il est gonftd ou clivd dans un solvant. 

4. Composition de rdsine suivant ta revendication 3, 
75 dans laquelle le composd laminaire inorganique 

comprend un mineral argileux ayant une propridtd 
de gonflement. 

5. Composition de rdsine suivant Tune quelconque 
20 des revendications 1 k 4, qui a un rapport en volume 

de (compost laminaire inorganique/alcool polyvi- 
nyllque) dans la gamme de (7/93) k (17/83). 

6. Composition de r6sine suivant Tune quelconque 
25 des revendications 1 k 5, qui comprend de plus un 

agent de reticulation pour groupe de liaison d'hy- 
drog6ne. 

7. Composition de resine suivant la revendication 6, 
30 dans laquelle I'agent de riticulation pour groupe de 

liaison d'hydrog^ne, est un compost de zircone. 

8. Composition de rdsine suivant Tune quelconque 
des revendications 1 k 7, qui a une permeability k 

35 roxyg6ne de pas plus de 0,2 cc/m^.jour.atm. sous 
des conditions de SO^C et de 60% de HR. 

9. Stratifie comprenant une mati^re de base et au 
motns une couche disposde sur celle-ci compre- 

40 nant une composition de r6sine suivant I'une quel- 
conque des revendications 1^8. 
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bindung/Polyvinylalkohol) im Bereich von (7/93) bis 
(17/83) aufweist. 

6. Harzmasse gemafJ einem der Anspruche 1 -5, die 
weiter ein Vernetzungsmittel fur eine Wasserstoff- 
tragende Gruppe umfafBt. 

7. Harzmasse gema8 Anspruch 6, wobei das Vemet- 
zungsmittel fur eine Wasserstoffbruckenblndung ei- 
ne Zirkonlumdioxidverbindung 1st. 

8. Harzmasse gema3 einem der Anspruche 1-7, die 
unter den Bedingungen von 30*C und 60% RL eine 
Sauerstotfdurchlassigkeit von nicht mehr als 0,2 cc/ 
m^Tag-atm aufweist. 

9. Laminat. umfassend ein Grundmaterial und minde- 
stens eine darauf angeordnete Schicht, umfassend 
eine Harzmasse gemalB einem der Anspruche 1 -8. 

10. Laminat gema3 Anspruch 9, das unter den Bedin- 
gungen von 30**C und 60% RL eine Sauerstoff- 
durchlassigkeit von nicht mehr als 0,2 cc/ 
m2.Tag-atm aufweist. 

11. Laminat gemaR Anspruch 9 Oder 10. das in Form 
einer Verbundtolte vortiegt. 

12. Geformter Gegenstand, wobei mindestens ein Teil 
davon eine Harzmasse gema8 einem der Anspru- 
che 1-8 umfa3t. 

13. Geformter Gegenstand gemaO Anspruch 11. der 
unter den Bedingungen von 30' C und 60% RL eine 
Sauerstotfdurchlassigkeit von nicht mehr als 0.2 cc/ 
m2.Tag-atm aufweist. 

14. Verfahren zur Herstellung eines Laminats gemalB 
einem der Anspruche 8-11, umfassend: Dispergie- 
ren einer anorganischen Schichtverbindung in ei- 
nem Polyvinylalkoholharz Oder einer Losung da- 
von, wobei die anorganische Schichtverbindung in 
einem gequellenen oderaufgespaltenen Zustand in 
einem Losungsmittel vorliegt und Entfernen des Lo- 
sungsmittels aus dem erhaltenen Mischungssy- 
stem unter Beibehalten des Dispersionszustands. 



Revendications 

1 . Composition de r6sine comprenant un alcool poly- 
vlnylique et un compost laminaire Inorganique 
ayant un rapport d'aspect de 200 k 3000, qui a un 
rapport en volume de (compose laminaire inorgani- 
que/alcoot polyvinylique) dans la gamme de (5/95) 
k (30/70), le rapport d'aspect 6tant ddfini par une 
equation Z=Ua, dans laquelle L est la taille de par- 
ticule du compose laminaire inorganique et a est 



10. Stratifie suivant la revendication 9, qui a une per- 
meablllte k I'oxygene de pas plus de 0,2 cc/m^ jour. 

45 atm. sous des conditions de 30'C et de 60% de HR. 

11. Stratifie suivant Tune ou I'autre des revendications 
9 et 10, qui a la forme d'un film stratifie. 

50 1 2. Article fa^onne comprenant, du molns une partie de 
celui-ci, une composition de r6sine suivant I'une 
quelconque des revendications 1 k 8. 

13. Article fa?onne suivant la revendication 11, qui a 
55 une permeabilite k roxyg6ne de pas plus de 0.2 cc/ 
m2. jour. atm. sous des conditions de SO'C et de 
60%deHR. 
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14; Proc6d6 de production d'un stratifid suivant I'une 
quelconque des revendications 8 k 11, 
comprenant : 

la dispersion d'un connposd laminaire inorgani- 5 
que dans une r^sine d'alcool polyvinylique ou 
une solution de cello-ci, le compost lanninaire 
inorganique dtant dans un dtat tel qu'il est gon- 
fl6 ou clivd dans un sotvant; et 
la separation du solvant du syst^me de m^lan- io 
ge rdsuttant, tout en conservant I'dtat de disper- 
sion. 
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Fig. 1 

PEAK CORRESPONDING TO " UNIT THICKNESS a" 
^ OF INORGANIC LAYERED COMPOUND 




IB 



Fig. 2 



PEAK CORRESPONDING TO " LATTICE SPACING <f 
OF RESIN COMPOSITION 



PEAK POSITION CORRESPONDING TO 
" UNIT THICKNESS a" OF INORGANIC 
LAYERED COMPOUND 




2^d 
BASE LINE 



2 6/ 



k(IN TERMS OF LfNGTH) IS NOT SMALLER THAN WIDTH 
OF ONE RESIN CHAIN 
^/d -ANGLE OF DIFFRACTION CORRESPONDING TO 
• UNIT THICKNESS a+WIDTH OF ONE RESIN CHAIW 
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Fig. 3 



WIDTH OF ONE RESIN CHAIN 
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Fig. 9 



TABLE 1 





BASE MATERIAL 

LAYER 
(THICKNESS um) 


INORGANIC LAYERED COMPOUND- 
CONTAINING LAYER 
[INORGANIC SUBSTANCE/RESIN 
VOLUME RATIO] (THICKNESS nm) 


EX.1 


OPP(20) 


F/H [5.3/94.7] (0.8) 


EX.2 


OPP (20) 


F/H [11/89] (0.8) 


EX.3 


OPP (20) 


F/H [14/86] (0.8) 


EX.4 


OPP (20) 


F/H [16.5/83.5] (0.8) 


EX.5 


OPP (20) 


F/H [20/80] (0.8) 


EX.6 


OPP (20) 


F/H [25/75] (0.8) 


EX.7 


OPP (20) 


NA/H [25/75] (0.8) 


EX.8 


OPET(25) 


F/H [16.5/83.5] (0.8) Z 


EX.9 


OPET(25) 


F/H [20/80] (0.8) ZA 


C0MP.EX.1 


OPP (20) 


L/1 17 [50/50] (0.8) 


C0MP.EX.2 


OPP (20) 


L/1 17 [20/80] (0.8) 


C0MP.EX.3 


OPP (20) 


F/H [50/50] (0.8) 


C0MP.EX.4 


OPP (20) 


H [0/100] (0.8) 


C0MP.EX.5 


OPET(25) 


NA/H [50/50] (0.8) ZA 


C0MP.EX.6 


OPP (20) 


NONE 
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Fig. 10 



TABLE 2 





OXYGEN PEHMcABILITi 
(30^C.60%RH) 

cc/ m*' Q aun 


FOLDING 
TEST 


rILM 
STRENGTH 

1 to 1 


C V 1 
CA. 1 


U.o 


U.o 




b A. 




n 0 
u.z 




CA. 3 


< 0.1 


U.O 


r\ 
yj 


C V A 

t A, 4 


< U. 1 


A 


r>i 
<J 


EX. 5 


< U.l 


A Q 
U.O 


w 


EX. 6 


< 0.1 


1 A 

1 .U 




EX.7 


< 0.1 


1 A 

1.0 


U 


U A, O 


< 0 1 




o 


EX.9 


<0.1 
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